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1 0  PURPOSE 

This standard operatmg procedure (SOP) discusses equipment and procedures that will be used at the Rocky Flats 

Envuonmental Technologv Site (WETS) to conduct aquifer pumpmg tests m dnven well pomts andi'or dnlled and 

completed wells This SOP addresses step drawdown and constant rate discharge pumpmg tests and is based 

upon mformation contamed m references presented UI Section 7 0 

2 0  SCOPE 

This document which supersedes Procedure No GW 08 constitutes a standard operatmg procedure (SOP) that 

applies to all Rocky Mountam Remediation Services (RMRS) personnel and subcontractors conductmg aquifer 

pumpmg tests at WETS 

An aquifer pumpmg test is an m s m  test used to assess hydraulic charactensncs representative of the aquifer bemg 

tested This is accomplished bv stressmg a subject aquifer through the removal or addinon of water and measurmg 

hvdrostanc pressure response Tvpically a production well is pumped at hctions of f i l l  capacity with pumpmg 

rates changmg m a tune step fashion stepdrawdown andior at a constant rate with water levels measured at 

f+equent mtervals m the production well and one or more observation wells (Walton 1987) Tune-drawdown and 

distance drawdown data are recorded and used to calculate aquifer charactenstics through type-curve matchmg, 

straight lme matchmg or mflection pomt techniques 

3 0  REQC'IREMENTS 

3 1 Personnel Oualifications 

Personnel perfommg these procedures are requwd to have completed the mind 40 OSHA classroom m m g  that 

meets Department of Labor Regulation 29 CFR 1910 12qeX3XI) and must mamtam a current m m g  status by 

completmg the appropnate 8 hour OSHA refresher courses Personnel must also complete and be current on any 

other site specific uammg that may be requwd to perform these amvines at WETS and are requlred to have a 

complete understandmg of the procedures descnkd wtthln thls and other related SOPS 
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3 

Personnel conducbng the aquifer-pumpmg test will be gm1opt.s a d o r  engmees wlth backgrounds III hydrology 

or field techniciaas wlth an qpropna amount of applicabk expenam OT On-the-job trammg under the 

supervision of otherquolttisdpasolmel 
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4 0 WELL LNSTALLATION AND DEVELOPWVT 

All wells should be mstalled per guidelmes m SOP RMRSi’OPS PRO 118 Monitonng Wells and Piezometer 

Installation except for specific design requuements as set forth m this SOP Vewly mstalled wells will be checked 

for the presence of an misc ib le  laver pnor to well development. The method for detectmg these lavers m 

monitonng wells is discussed m SOP RMRSiOPS PRO 105 Water Level Measurements m Wells and 

Piezometers If an unmiscible laver of 5 mm or greater is detected m a newly mstalled well well development 

procedures will not contmue until the RMRS Project Manager has been nohfied In the case where an misc ib le  

laver is not identified a water level measurement will be taken accordmg to SOP RMRs/OPS PRO 105 and well 

development activities will contmue The water level measurement along with the total well depth measurement 

will be used to determme the volume of water m the well casmg Well casmg calculations are presented m Section 

4 1 1 1 of SOP RMRS/OPS PRO 106 Well Development 

4 1 Determmation of Aquifer Pumping Test Well Location 

When selectmg a site for an aquifer pumpmg test consideration will be given to the charactenstics of the site as it 

relates to possible potentiomemc surface fluctuations as a result of nearby surface loadmg (traffic etc ) and to the 

expected gradient of the water table Once a site IS selected the cntena shown below will applv 

4 1 1 Aqurfer Pumping Test Well Installation 

All pumpmg wells will be fullv penetranng The heterogeneity of the alluvial matenals Arapahoe Formatlon and 

Laramie Formation at the RFP requln that the well screen be strategically placed 

4 1 1 1 WellType 

Drilled wells will be constructed accordmg to SOP RMRS/OPS PRO 118 Momtonng Wells and Piezometer 

tnstallation DnlIed wells will have up to a two foot sump of unscreened casmg at the bottom of the well while 

small diameter push wells (Geoprobe mstalled) will be completed according to the project work plan 

specifications The requuement for a sump may be waived m cases where pamal penetranon of the underlymg 



AQUIFER PUMPING TESTS Procedure No RMRS/OPS PRO 109 
Revwon 0 

Date Effective 0 1/06/99 
Page 6of 38 

confmmg layer may adversely affect the efficimcy of the pumped or obsmmtim wells (I e upward smearmg of 

clays) or compromise the v e m ~ a l  hydtrtulic mtegnty o f  the confinlns iayer for aquifer testrng purposes, as 

determured by the p j e c t  hydrogeologst. The base of the well Casing will be capped Dnvm well pomts may be 

used fw shallow aquifer pump- tests and mil be developed acardhg to specdkatms set forth m ths SOP 

Dnven wells may be d k d  m SOB fomatmns the of cobbles ad bouldem (Harlan and others, 1989) 

4 1 I 2  WellDmmcter 

4 1 1 3  FllterPackC-on 

In wells dnlled specifidly for aqwfkr pumpmg tests, ffiter pack comtmbm mu follow the procedures o u t l d  

m SOP RMRYOPS-PRO 1 18, Monrtormg Wells and plewmeter I n s t d b  

Well development 1s the process of removmg dnlllng flids, scdmcnt ami smeaed or burlt-up materials from the 
borehole walls, fdter packs, andlor well scre~u It also IS a p m s s  whereby fines wrrhin the formation a d .  to 

the borehole can be removed, thus enhaacmg well efficiency and d o w q  the &low of phystcally and c b x a l l y  

representaslve gn>und Wrrtafiwn the fomsaxion adJaCenrt0 the d W C d  Of lk  Well Thisplocws Wdl be 

used for ail observation and pumpmg wells, whahertfie)r are old w e b  ur newly llutalled wells 
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Water qualitv test kit @H SC T) 

WashRmse tubs 

Clear plastic sheetmg 

Disposable latex or vmyl gloves 

Non phosphate lab grade detergent (e g Liqumox) 

Contamers for development water (see SOP RMRS/OPS-PRO 128 Handlmg of Purge and 

Development Water) 

Water level probe sufficiently accurate to measure water levels to the nearest 0 0 1 fmt 

Distilled Water 

Field notebook and/or field forms 

Health and safety equipment 

Organic vapor detector (OVD) 

Calculator 

Black waterproof pens 

4 1 2 2 Well Development Procedures for Pumpmg and Observation Wells 

Well development for new pumpmg test wells will be conducted no sooner than 48 hours and no longer than two 

weeks after mstallation All aquifer pumpmg and observation wells new and old, will be developed utilmng a 

vigorous development method such as surgmg bailmg backwashmg, overpumpmg or equivalent, or any 

combmation thereof Where pumpmg equipment is utilmd, the choice for well development is a submersible or 

sucnon pump Surgmg will be accomplished usmg a bailer or solid weighted cylmder of suitable length Surge 

blocks and swabs will be used only when permitted by appropnate well construction and aquifer conditions 

Dnllmg or pump mstallatlon ng asslsted well development may be requued for certam well conditions (I e deep 

wells) and should be addressed dunng the earlv plannmg stages of the well dnllmg and aquifers test design 

process 

Bailmg provides a sunple and effecnve method of simultaneously pumpmg and surgmg a well when appropnately 

applied to well development (Aller et a1 1989) The baler should uutlally be filled with water msed several feet 

above the water level and allowed to he! fall through the borehole untd it stnkes the surface of the water and 

(301 I 920-0161 92OXGWEREV lXlU2398) 



Rocedw No RMRS/OPS PRO 109 AQUIFER PUMPNO TESTS 
Revision 0 

Date Effective 0 1 /06;99 
Page 8of38 

attam full  submergence Tha cycle should be applied repeatedly to surge the well pnor to the removal of any 

water m order to loosen up pamculate matter at the well bore face The full bark should not be allowed to stnke 

the bottom of the well Subsequent h l m g  will m o v e  the suspended mated generated dunng surpg. The 
procedure should be repeased urml the well development cnterm of seumn 4 1.2 3 are met. This well development 

technique IS especially suitabk for shallow low yield well appliattions 

Backwashmg mvolves abrnat~veiy turnmg a pump on and off to muiate a surgrne action m the wdl @PA, 

1987) Backwashmg should be conducted at a pumpmg rate only shghtly higher thrrn the well can susm to avoid 

cloggmg the well screen If necessq d m M  or demd water or fbmat~on water that has had the sedrrnmr 

removed, will be added to the well bon dumg the b&ckwashmg pees to augment the w h e  o€ water dLplettd 
by pmodic pumptng to waste The p m c e ~ ~  of backmshmg mwlves m m g  a column of water almost to the 

surface shutbng off the pumpandallowmgthewaterbo faii back mtothe well 'Ibtrprocess is npeattd smrtmg 

and stowplns the pump as raprdly as poaorBle To mmmlZe &e posdnhy of clamagmg the pump as a result of 

scduncnt iockq,  the pump ShOuM mItlslly be stated atrtduccdcspacicy and grariaanY mucased Ihe contd 

box shdd be equ~ppcd wrih ascarzatoclrout to avod damage to the pump that may resalt when m attemptto start 

the pump u made wluk the pump is bdc@mag Durmg the backwashmg proocdure, the we14 s h k l  

occasmmily be pumped to waste to zrmove sednnent brought tneo the water colunm by the surgmg -on 
(Dnscotl, 1986) Backflushmg tfRc#ncy m y  be htted by the avabbbpumprng uppmcnt and should be used 

only d an effectve surgmg acaon cull be esgbw In the well 
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Development equipment will be protected from the ground surface with clear plastic sheetmg Development 

equipment will be decontammated before well development begms and between well sites accordmg to SOP FO 3 

General Equipment Decontammation 

Decontammanon and development water will be handled accordmg to SOP FO 7 Handlmg of Decontammation 

Water and Wash Water and SOP FO 5 Handlmg of Purge and Development Water respectively 

4 1 2 3 Development Cntena 

The cntena for adequate development of the well will be determmed by the project hydrogeologist or engmeer and 

will be approved by the RMRS Project Manager Development cntena set forth m SOP GW2 Well 

Development, Section 5 2 1 may be used as gutdelmes but will not necessanly be bmdmg In addinon three 

consecutive well casmg volume readmgs of pH temperature and specific conductance will be recorded ( ie  

consecutive temperatures that are withm 1°C and pH readmgs that are withm 0 2  units) and consecutive 

conductivity readmgs fall withm 10 percent of each other The calibration and use of these field mstruments is 

descnbed m SOP PRO 108 Measurements of Groundwater Field Parameters 

4 2  Procedures 

The selection of an aquifer pumpmg test will be based upon the estunates of hydraulic parameters that are bemg 

assessed A test will be selected that will give the deslred mformation while mmunmg the complexity and tune 

requued to conduct the test 

Detailed geologic and hydrogeologic mformanon of the test area will be gathered and synthesmd mto the aquifer 

pumpmg test plan The amount of m e  avadable for the test should be considered 

Pnor to the begmmg of any aquifer pumpmg test, the followmg must be assessed 

0 Design of test 

0 Deslred mformauon 

0 Geologic conditions 

(401 I 9206168 PZOXGWBREV I X I Z V 9 8 )  
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halymal solunon and boundary condrtlons 

4 2 1 Aqugw Pumpurg Test Design 

To LIMC(IS~ the ptobabrilty that a pn>posed test site and asomtad eqtupment wlll yeld 8ccepFBblc results, sad to 

mmmze unccrclll~~tlcs m data collecaon and analysu, the bhmg pumpmg test deslga cn- must be 
evaluated, to &e extent that awlable data allows 
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The design for a pumpmg test should begln with the selection of hydraulic parameters that are believed to represent 

the matenal bemg tested This assessment will be obtamed fkom laboratory analyses performed on soil and rock 

samples representative of the aquifer or by packer tests conducted at or near the proposed test site The design 

also may be guided by the results of a pretest smgle hole aquifer test Drawdown m the pumpmg well will not 

exceed 25 percent of the saturated thickness if the aquifer is unconfmed and will not go below the top of the 

aquifer if the aquifer is confined 

The Thiem equation can be used to determme the pumpmg rate as follows 

Unconfmed aquifer 
Q = (KnWZHs s’) 

In W W )  

radius of mfluence (a large number usually greater than 
1000 feet, see Bear 1979) (L) 
radius of the well (L) 
mitial head (L), 
drawdown m the pumpmg well (L) 
hydraulic conducnvity 0 and 
pumpmg rate (L3/T) 

- - where R 

r w  

H 

K 
Q 

- - 
- - 
- - S 
- - 
- - 

Confined aquifer 

Q =  2nKms 

h W W )  

where m = thickness of the aquifer 

This mav be repeated for a range of hydraulic conducnvines to establish a range of possible pumpmg rates The 

pumpmg rates can then be used to design the spacmg of the observanon wells fbm the pumpmg well by assummg 

vanous values of r (distance between observation well and the pumpmg well) and solvmg for values of s This 

process can be repeated usmg vanous pumpmg rates The results can then be plotted with r versus s for vanous 

values of Q From thls graph the optunum pumpmg rate and observation well spacmg can be chosen based on an 

I 
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acceptable mmunum drawdown obsemble III the observat~on well most cfistant h m  the pumpmg well It IS 

recommended that the m m n m  observed drawdown fix anobservauon well be at teast 0 1 foot 

The etrectt of well bore storagc crin be significant UI low hydrrwslG conductwlty lnattnals To daermlne the am 
a b  pumpmg be- beyond which well bore storage mipacts are neghgibk, the followmg equanon can be used 

(Walton, 1987) 

At least thne obsmaon weHs should be rastallcd m &e same aquifer bs the pumplry well and at vanou~ 

distances and dvectlons fiom the purnplng well ObJtrvatlon well spaciug wlll be logadmuc and designed to 

provide at least me loganthic cyck of d s t m x d m w h  data (Watton, 1987) * 
In the event that bow* codmom prruul, obsavstion wells should bt spami along a Ime through the 

production well and parallel to the boundery to mrmmltc the e f f i  of the bouadary on dutance-drawdown data 

If boundmesare of mere#, n~~deswabktospaa obsewat1011 wells on a llnepapcmhculartotht boundary and at 

vanable dstance andduectlons bin thc *age well asoeatd wlth the bomdary (Wdton, 1987) 
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where 

td = 5 4 x 104mS,,P, (Walton 1962) 

tune after pumpmg started bevond which delayed gravity 
yield unpacts are negligible (mm) 
aquifer thickness (ft) 
aquifer horizontal hvdraulic conducnvity (gpdlff) and 

(dunensionless) 

- - td 

m 
Ph 
SY 

- - 
- - 
- aquifer water table storatlvity (specific yield) - 

or 

t, = 5 4 x lO’(r-)S,;T (Walton 1987) 

where pumpmg test duranon which must be exceeded if boundary 
unpacts are to be clear (one loganthmic tune cycle after 
unpacts become appreciable) (mm) 
distance fiom observanon well to boundary unage well (ft) 

(dunensionless) and 

- - t, 

- - r 
s w  - - aquifer water table storativity (specific yield) 

T - - aquifer transmlssivity (gpd/ft) 

The equation that gives the greater duration is the equatlon that should be used 

Tune mtervals for observation well water level measurements vary h m  short at the start of the test, when water 

levels declme rapidly to long at the end of the test, when the tune rate of drawdown is small A typical range of 

tune mtervals for observanon well water level measurements are shown m Table PRO 109-1 

I 

(4011 920-0168 9ZOXGWIREV IX12R3/91) 
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TABLE PRO 109-1 

TIME INTERVALS FOR TIME-DRAWDOWN DATA COLLECTION 

I 

4 2 2  Step-Drau&wnTa& 

A stepdrawdown test (wlscoll 1986) b wed to assess wsll pcrfonnm# under amdahom of agbuleM flaw Also 
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mav significantlv Lncrease the tune requued to complete the test The pumpmg tunes for each step of the test will 

be the same (approxunatelv 0 5 to 2 hours III duration) m order to sunplifi calculations Dunng the performance 

of these tests between three and eight pumpmg steps will be used 

Electronic pressure transducers and a data logger will be mstalled m the productlon well and the observation wells 

to record tune drawdown data dunng both the pumpmg and recovery phases of the test In addition hand 

measurements will be collected as backup data In addition to collmon of tune-drawdown data, flow rate data 

also will be collected The mformation collected dunng the duratlon of thls test will be recorded on the data sheet 

provided m Appendlx PRO 109A 

4 2 3 Constant-Rate Discharge Tests 

A constant rate discharge test, with one or more observation wells can be used to assess the drawdowns m a well 

at future tunes and different discharges the radius of the cone of mfluence for mdividual or multiple wells as well 

as the transmissivity and storativity of the aquifer The pumpmg rate to be mamtamed for the duration of the test 

the pump settmg depth and the test duratlon will be determmed pnor to commencement of a constant rate 

discharge test 

Once the pump has been mstalled m the production well the discharge control equipment flow meter pressure 

transducers and other previously mentioned equipment are mstalled, statlc water levels at each of the production 

and observation wells will be collected and recorded After thls has been performed, the data logger will be 

programmed pre test water level data recordmg mitiated, and the test is ready to begm 

The pump bemg utillzed for the pumpmg test will begm pumpmg at a previously determmed tune In order to 

sunplify calculatlons the tune m which the test commences should be on a ten mmute mtemal The data logger 

will be set to begm collemg data just before or at the same tune the pump begms pumpmg Once the pumpmg 

test begms hand collected tune-drawdown measurements will begm These measurements should begm at the 

production well and conmue at the observation wells m a pattern that will allow for the most rapid collection of 

data fiom well to well The tune for collemg hand measurements should follow the tunes provided m Table 

PRO 1 as closely as pracncable 

i 
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Durtng the pumpmg tess the flow meter wlll be monitored regularly to ensure that a constant flow rate IS bemg 

mammed. In the event that a constant 0 m  rate IS not bemg rnamuued, adpsmem to the pump power source 

or dlschargc control equipment may need to be performed. Flow rates will be m o d  at regular m e  mmvak 
throughout the duratm of the test, wah the tune mtervls bemg smaU at the besgnmg of the test. Records of flow 

rate versus m e  d tlme-drawdown datawlu be mruntamedttlmu&mh dlmulmof the test. 

After completion of the pnnpmg test, rcc~vcry will be collected. The procadurar for data collection dmng 

the recovery phase ofthe test will be njumcal to those PFefOnned durmgthe pumping phase of the test. 'Ibe 

mfmatm col lectedhg the duntron of tlu test wdl be ncorded OR tho data sheet pmvn-lcd m Appendix 

PRO 109A 

When the only &Jcctwe of qu&r testmg IS to assess tht tmuamm well perfarmana ofslagie wells (1 e ,  average 

dscharge or volume of gmmdwam pmduced at m a m u m  drawdown) the stcpdrawdowr! test procedure may be 

m d 6 e d  to conduct a smgie step, v d k  disehqe, qusi-consmnt had test. l'hw Best wdl be conducted usmg a 

h l e r  or pump for drawmg down the water level to the bottom of the well and mtauung &IS drawdown by 

constant pumpmg or Mmg of low-yeld wells Water kc1 mcBsunmfllfp wdl be collected at the begvlnmg and 

end of each pumpmg cycle or at rcguler rntmds dunng corutant punapmg to asstwe that maxmum drawdown 

con&tions are mammcd m the well Dischge wdl be measlrred vohnnclrdly usmg a gradwed bucket and 

stopwatch or an ar;epmulatmg flow meter, whichever w morc appropW l'he test duration wdl be dezmnmed m 

the field by the pro~cct hydrogdogwt bssod on well responses a8d4esfmg objecsnns 7 % ~  usc of an electmuc 

pressure trimsduceranddataloggcrsystcm formeaaurngwada levels uoptloarz but generally wlll be baed to 

pumped w e h  only 

4 3  MahodrofAnalvsq 
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4 3 2 2 Confined Leakv Aquifers 

There are manv solutions available for leaky confmed aquifers (Kruseman and De hdder 1983) Lohman (1979) 

discusses the Hantush (1955) and Cooper (1963) method, which does not consider storage m the confinmg unit, 

and the Hantush (1960) method which does consider confmmg unit storage Standard curve matchmg techniques 

are used to solve for transmissivity and storativity If confmmg unit thickness is known the Hantush Jacob (1955) 

method will yield vertical hydraulic conductivity m the confmmg unit 

4 3 2 3 Unconfmed Aquifers 

Unconfmed aquifers subjected to pumpmg go through three distmct phases (Freeze and Cherry 1979) D u n g  

early stages of pumpmg the response of an unconfined aquifer will resemble that of a confined aquifer due to the 

expansion of water and compaction of the aquifer The second phase shows the effect of gravity drainage Tune 

drawdown curves will display a decreased slope due to the delayed yield response of unconfmed aquifers D U M ~  

the thud phase tune drawdown curves will agam resemble the Theis type curve 

The Theis type curve may be used for early and late pumpmg test data However storage parameters calculated 

dunng the early stages of pumpmg tests may be m the range for that of confined aquifers and must not be used to 

predict long term drawdowns (Plckett, 1965) Boulton (1 963) gives a curve that allows the estunanon of the tune 

at which gravitv effects are negligible and the Theis type-curve may be used to match late pump test data The 

storage parameter calculated with thls later data can be used to predict long term effects of aquifer pumpmg 

(Pnckett, 1965) 

Boulton (1963) and mckett (1965) have developed methods of analymg pumpmg test data subject to delayed 

weld Families of delayed yield type curves based upon Boulton s method are available m Lohman (1979) with 

which standard type-curve matchmg techniques are used 

4 3 2 4 Fractured Rock Aquifers 

Available methods for mterpremg pumpmg tests m hctured (fissured) aquifers have beem summanzed by 

Gnngarten (1982) These pumpmg test analysis methods are usually based upon soluaons for an equivalent 



AQUIFER PUMPMG TESTS Rocedure NO WS/OPS-PRO 109 
Revlsion 0 

Date Effective 01/06/99 
Page 2Dof 38 

porous media aquifer whch attempt to relate the actual frachlrrd m e r  behavior to that of a known thcorctml 

model, homogeneous or heterogeneous of lower complexay The double-porosity concept may be applfcable to 

the types of timured aquifkrs that may be encountered at the RFETS ?Ills concept u a possble analysis tool for 

frachued aqwfers In doublc-porosay a q w h  the fhcluru a d  rack minx blocks bnn a dud system 

transmithng water, wlth the hxurcs hamg a hgh hydraulic conducuwty and low storculvay and the roaCmattw 

havmg a low hydrauhc umducbwty and high storatmty 

4 3 2 5  Conclusions 

For each pumpmg test paformed, the anaiytical solution win be adstent with the co&ons at the test site the 

mfonnation desmd, and the testdeslgn. The prow hydlDisbobgtff w&bensponsiMe forchoosmgthe anrlytlcal 

method and mretpntMg the test remits 

5 0  DOCUMENTATION 
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Analmcal solutions of pumpmg test results are based upon the type of flow encountered d m g  the test and the 

tvpe of aquifer bemg tested This section will fmt discuss analytical methods for analymg pumpmg test data with 

steady state flow conditions and followed bv transient analytical solutions These solutions are further subdivided 

accordmg to aquifer type 

4 3 1 Stea&-State Solutions 

4 3 1 1 ConfmedNnconfmed Aquifers 

The most widely used solution is based upon the Thiem quatlon (Lohman 1979) Two different forms of the 

Thiem equation are available One is to be used for confmed aquifers and one for unconfmed aquifers If the 

aquifer is unconfmed the drawdown should be adjusted usmg the Jacob ( 1963) method (Walton 1970) 

where drawdown that would occur m an equivalent non leaky 
contined aquifer (ft) 
observed drawdown under water table conditions (ft) and 

- - s, 

sw 
m - - mitlal saturated thickness of the aquifer (ft) 

- - 

4 3 2 Transient Solutions 

Because transient analyt~cal soluhons consider aquifer storage the analyt~cal solutions can yield values for specific 

weld or storativity 

4 3 2 1 Confined Non-Leaky Aquifers 

Transmissivity and storanvity can be determmed with the Theis (1935) solutlon usmg data drawn h m  plots of 

drawdown versus tune on log log paper Curve matchmg techniques with a type-curve (avulable m Lohman 
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1979) render values of tune (T) dunensionless tune (u), drawdown (s), and dunensonless drawdown [W(u) well 

function of u] which are then used to sohe for wlws of hydaulc parameten. Assumgtlans for the ltse of &IS 

soluhon Brc aS follOWS (Lohman, 1979) 
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appropnate aquifer pumpmg test design and is attached as Appendlx PRO 109C Once the aquifer pumpmg test 

approval form is completed It must be reviewed approved bv the RMRS Project Manager pnor to the start of the 

aquifer pumpmg test 

6 0  REFERENCES 
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pp C48-C55 

Dnscoll Fletcher G 1986 Groundwater and Wells Johnson Division St Paul Mmnesota, 1 089 p 

Freeze R A and J A Cherry 1979 Groundwater Prennce Hall, Inc Englewood, N J 604 p 
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Well Usmg Groundwater Storage Amer Geophvs Union Trans Vol 16 pp 5 19 524 

U S Envuonmental Protection Agencv (EPA) Ground Water Handbook Ofice of Research and Development 

EPK62516 87;016 March 1987 212 p 
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Walton W C 1970 Groundwater Resource Evaluation McGraw Hill Book Co New York 664 p 
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6 2 Internal References 

Related SOPS cross referenced by this SOP are as follows 

SOP RMRS/OPS PRO 127 General Equipment Decontammation 

SOP RMRS/OPS-PRO 128 Handlmg of Purge and Development Water 

SOP RMRS/OPS PRO 1 12 Handlmg of Field Decontammanon Water and Field Wash Water 

SOP FO 15 Photoionmon Detectors (PIDs) and Flame Ionuatlon Detectors (FIDs) 

SOP RMRS/OPS-PRO 1 18 Monitonng Wells and Piezometer Installatlon 

SOP RMRS/OPS PRO 105, Water Level Measurements m Wells and Piezometers 

SOP RMRS/OPS-PRO 106 Well Development 

SOP RMRS/OPS-PRO 108 Field Measurement of Groundwater Field Parameters 

SOP RMRS/OPS PRO 113 Groundwater Samplmg 

(4011 920-0168 9ZOXGW8REV IKIUZ3191) 

h 
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qppENDIx PRO 1WA 
AQUIFER PUMPING TEST’ DATA SEEET 
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Aquifer Pumping Test Data Sheet 

I Person Recording Data Date 

Pumping Well No 

Hydrostratigraphic Unit 

Screened Interval ft to ft 

Static Water Level ft PUmpingWellID ln 

Distance to Pumping Well ft 

Test Start Tune 

Reviewed By Date 

(401 I 920-0161 9ZOXGWIREV IXl2tZ398) 
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Cootinnation of Aquifer Pumping Tcst Data sh#t 

e 



AQUIFER PIjWlNG TESTS 

I 

Procedure No RMRS/OPS PRO 109 
Revision 0 

Date Effective 0 I 06/99 
Page 2 7 0 f  38 

I 

Aquifer Pumping Test Data Sheet 

I I Date Person Recordmg Data I 

Observahon Well No 

Hydrostratigraphic Unit 

Screened Interval ft to ft 

Static Water Level ft PumpmgWellID m 

Distance to hunpmg Well ft 

Test Start Tune 

Reviewed By Date 

(401 I 9204161-920)(GW8REV I)(IM3/91) 
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Continuation of Aquifer Pumping Test D.t. Sheet 

Observation Well No Date 

Site No 

crew 

Weadra 

Equipmar 
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APPENDIX PRO 109B 
AQUIFER PUMPING TEST ANALYSIS FORMS 

e (401 I 920-0160 92OXGWBREV I)(lXZ1198) 

1 -_- 
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WELL t# 
HYDROSTRATIGRAPHIC UNIT 
SCREENED ZPFTERVAL Am tt 

Ref- Lohman(1979) 
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(4011 9204168 92OMGWIREV IKIY23m) 
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AQUIFER PUMPMG TE!3T ANALYSIS 
THEISCURVE MATCHING METI€& 

WELL # 
HYDROSTRATIGRAPHIC UNIT 
SCREENED INTERVAL !It0 ft 

Reference Lohman (1979) 

MATCH POINT 
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AQUIFER PUMPING TEST ANALYSIS 
THEIS RECOVERY METHOD 

WELL # 

HYDROSTRATIGRAPHIC UNIT 
SCREENED INTERVAL ft to ft 

Reference Kruseman and De hdder (1 983) 

Assumptlons Those listed m reference 
0 Confined non leaky aquifer 
0 Coefficient of storage is the same for pumpmg and recovery 

s = drawdown m monitonng well (L) 
t = tune smce pumpmg began (T) 
t =tune smce recovery began (T) 
T = transmissivity (L2/r) 
ds = drawdown over one loglo cycle of Vt‘ (L) 

(4011 920-0161 920)(GWIIREV I)(Iy23/91) 
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AQUIFER PUMPING TEST ANALYSIS 
COOPER AND JACOB lcaETfioB 

WELL I# 
HYDROSTRATIGRAPHIC UNIT 
SCREENED INTERVAL ftto ft 

Reference Lohman(1979) 

r ISCONSTANT 

"t" IS CONSTANT 



AQUIFER PUMPING TESTS Procedure No RMRS/OPS PRO 109 
Revision 0 

Date Effective 01,06;99 
Page 35 of 38 

Q =  (L’T) 

T= 2300 = (L21T) S = 2 25T(t’r‘),,= (Dunensionless) 
2-rds/dlogIg 

Check u 5 0 01 

(4011 920-016S-920MGW8REV l)(lYU191) 

u = ?S/4*T*t = (Dunensionless) 



AQUIFER PUMPING TESTS Procedure No RMR!YOPS PRO 109 

a Revwon 0 
Date Effective 0 1/06/99 

Page 36of 38 

AQUIFER PUMPING TEST ANALYSIS 
COOPER METHOD FOR COlrFfrlElED LEAKY AQUIFERS 

WELL # 

H Y D R ~ T I G R A P H I C U N I T  
SCREENED INTERVAL ftto ft 

Refmnce Lottman(1979) 

MATCH POINT 

I 
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APPENDIX PRO 109c 
AQUIFER PUMPING TEST APPROVAL FORM 

r P 
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AQUIFER PUMPlNG TEST APPROVAL FORM 

PROJECT NO DATE 
SUBCONTRACTOR 
GEOLOGISTENGINEER 
LOCAnoN 

DESCRIPTION OF A Q U E R  AND ITS SHAPE 
HYDRosTRAnGRAFHIcuNIT TYPEOFAQWFER 

ESTIMATEDIASSUMED HYDRAULIC PARAMETER DE" VALUES 
K 0 source 
K 0 sourct 
S @ - l e )  sourcs 
0 (Lm source 
sat.lhrdartss Q sa\pce 

DEVELOPMENT METHOD 
CRITERIA USED TO DE- WELL IS JEVEWPED ADEQUATELY 

ATTACH WELL COMPJATION DATA SHEET FOR PUMPING AWD OBSERVA'ROH W E U S  

PUMPlNGRATE G'rn 
MAXIMUM DISTANCE OF OBSERVATION WELL (0 1 F T ~ W D O W N )  (L) 
TrMEAFTERw"AFFEcToFwELLBoREs~e~Is~u~ m 
DURATIONOFEFFECTSOFOELAYEDYEELD m 
PARTIAL PENETRATION EFFECTS 
SOLUTION METHOD 
VIOLATIONS OF ASSUECIPTIO'NS 

APPROVED 
RMRSPEOlECl'MANAGER 


